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CHAPTER 1

INTRODUCTION

OUTLINE

Technological innovation is a central characteristic of modern society. More

recently, innovation processes have become characterized by various forms of

cooperation. This research is motivated by the wish to understand the role of

cooperation in innovation; more in particular ‘organized’ cooperation.

From empirical studies it has become apparent that cooperation in innovation is

a widespread phenomenon. In their study of the (mainly US) R&D system since

1860, Mowery and Rosenberg (1989) characterize recent developments:

Collaborative ventures obviously represent a considerable shift away from the in-
house research and development that dominated industrial research during the first
seventy-five years of this century (ibid., p.238)

They refer to national and international cooperation between firms and between

firms and universities. Since most of the alliances are in fast growing, high-tech

sectors they are an important factor in the economic system. Teece (1992) claims

that we are dealing with a world wide phenomenon:

Where the law permits, alliance and consortia structures are increasingly coming
to characterize aspects of European and American business. Though more
transactional and less relational than alliances in Japan, these structures neverthe-
less involve high levels of cooperation. (ibid, p.6)

There are more and more linkages between firms, between research institutions,

and between firms and research institutions. This means that research and

development (R&D) cooperation is more than an interaction between two partners.

Increasingly, technological innovation occurs innetworksof interorganizational

relationships. The links in these networks can take various forms: joint-ventures

and research corporations, joint R&D agreements, technology exchange agree-



ments, customer-supplier relations, and one-directional technology flow

(Hagedoorn 1991).

R&D cooperation has become an important theme in science and technology

policy. This is partly a consequence of the tendency for innovation to include

cooperation, but this policy is also motivated by the wish to create a more efficient

science and technology system. This change in policy has been described by

Schienstock (1994). In his view, the state has turned from a central player into a

facilitator and coordinator. The focus on networks is in line with this argument:

instead of a direct control of firms and research institutions governments create the

context in which firms and research institutions can coordinate their activities.

Instead of covering all forms of R&D innovation in a general way I choose to

study one type of R&D cooperation in all its facets. This book is about a specific

type of R&D cooperation namelyjoint projects. Two or more organizations (firms

or research institutions) work together on a specific problem and for a limited

time. Furthermore, the projects in this book areinternational: they involve

organizations from at least two European countries. Finally, the projects aresubsi-

dized, eigther by the European Commission or by national governments.

In Europe, R&D cooperation has become an important theme in science and

technology policy, both at the European level and the national level (The European

report on science and technology indicators 1994). It is an efficient way of

combining resources and also a way to promote knowledge transfer. At the

European level there is an additional objective: the stimulation of coherence

between European countries, and the development of a common market.

At the European level I will distinguish two types of international cooperation

policies. In the first one a number of countries create one organization in which

they combine their research effort. An example is CERN (the European

Organisation for Nuclear Research) that was established because it was simply to

expensive to do this type of research by one country. Another example is the

European Space Agency (ESA) in which countries combine efforts for one space
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program. Another type of organization, the European Molecular Biology Laborato-

ry (EMBL) was established because one needed one central database of scientific

information.

The second type of international cooperation policy is where countries stimulate

projects between existing organizations without the aim of creating a new

organization. The programmes of the European Community are the best known

example. But there is also the European Research Coordination Agency (EURE-

KA) in which a large number of EU and non-EU European countries participate.

The EC programmes and EUREKA provide actual funding for joint projects.

Further introductions about EUREKA and the Community programmes will be

given in subsequent chapters. Furthermore, the COST (European Cooperation in

the Field of Scientific and Technical Research) programme provides subsidies for

the coordination of research.

Although the percentage of the total European R&D expenditure that is devoted

to these types of cooperative activity is not very substantial (about 10%), it has a

far-reaching effect on the European R&D system. This is because all major (and

many smaller) universities, research institutes, and industrial firms are involved

in one programme or another. Furthermore, while the national R&D expenditures

in Europe stagnate the funding that is devoted to the European level rises exponen-

tially (The European Report on Science and Technology Indicators 1994).

Subsidies is a favourite policy instrument in Europe compared to other instruments

such as soft loans and tax relief. In the EU programmes and EUREKA (but also

in national programmes) one of the conditions for obtaining subsidies is some

form of joint activity. This makessubsidizedR&D cooperation a typical European

phenomenon.

Since the main actors in this study are firms, research institutes and universities

I will indicate, in the next section, the size of the various sectors of the R&D

community. I will also indicate the size of government funding of R&D, since this
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is the fourth actor that influences the three other actors. The book is limited to

Europe, therefore I will indicate how special this block is by making comparisons

with Japan and the USA.

The R&D sector in Europe, the USA, and Japan

From Table 1 it follows that, in absolute size, the R&D sector of the European

Union is larger than the R&D sector of Japan and smaller than that of the USA.

If I correct for the total size of the economy, the R&D expenditures of Europe are

the lowest, Japan has the highest research intensity. This is a major reason for the

European Union to direct policy measures at the stimulation of R&D in Europe

Table 1 Gross domestic product and total research and development expenditures
by the European Union (12 countries), the USA, and Japan. (Million ECU in 1987
US prices)

1992 EU USA JAPAN

GDP 3709000 4240000 1590000

R&D 72744 111270 44556

R&D/GDPx100 1,96 2,62 2,80

Source: The European Report on Science and Technology Indicators 1994.

R&D is performed in three sectors: business enterprises, higher education, and

government and non-profit organizations. Table 2 shows the distribution of the

total R&D expenditures in these three sectors.

Table 2 shows that in all the blocks, the majority of all R&D is performed in

firms. Although the differences between the blocks are small it appears that the

European Union has the largest share of R&D conducted outside industry.
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Table 2 R&D performed in three sectors (Percentages)

1992 EU USA JAPAN

BUSINESS 62 68 74

HIGHER EDUCA-
TION

20 17 12

GOVERNMENT
AND NON-PROFIT

18 15 14

TOTAL 100 100 100

Source: The European Report on Science and Technology Indicators 1994.

Table 2 is about the actors that perform R&D and not about the actors that finance

R&D. Some of the business R&D is financed by the state and some of the higher

education and non-profit organizations are financed by business. In addition, some

R&D financing comes from abroad. In Japan, almost no business R&D is financed

by the state (1.1%), while in the USA this is 20%. The EU occupies a middle

position with 12% of its business R&D financed by the state.

Instead of looking at the input indicators, the size of the R&D sector can also be

described by using output indicators. The number of scientific publications and the

number of patents are approximative indicators of the output of science and

technology. In 1992, the US patent office granted 84856 patents in all industries.

468659 articles were published in the most important scientific journals of all

disciplines. The three blocks together account for 91% of the publications and

72% of the patents. Table 3 presents the number of patents and publications

relative to the size of the total R&D sector (see Table 2).

The EU have relatively the largest number of publications and the smallest number

of patents. This is why, in addition to the funding of R&D, the linking of science

and technology is a central theme in EU policy. The publication and patent posi-

tion of Japan is exactly the opposite of the EU and the USA occupy an average

position.
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Table 3 Number of patents and publications per 1 MECU R&D expenditures

1992 PATENTS PUBLICATIONS

EU 0.21 1.88

USA 0.36 1.48

JAPAN 0.49 0.85

Source: The European Report on Science and Technology Indicators 1994.

These data give a general impression of the size and nature of European R&D,

compared to the USA and Japan. Part of these differences can be explained by the

nature of the R&D. Europe spends relatively more money on basic R&D than

Japan and the USA. The majority of Japanese R&D goes to activities that are

‘close to the market’. This is reflected in the relatively high number of patents and

low number of publications in Japan. To conclude it should be noted that the

figures for the EU are averages and that there exist some important differences

between European countries.

R&D cooperation in Europe, the USA, and Japan

The extent of R&D cooperation in modern economies has empirically been

assessed by various studies. Nevertheless, there are no standard indicators about

R&D cooperation as there are about R&D expenditures. Ideally I would like to

have data about all R&D joint projects involving firms and research institutions.

The problem is that most studies relate only to a specific part of this system, for

instance only cooperation between firms, excluding research institutes. As we shall

see the type of sources that are used to measure R&D cooperation also vary.

Furthermore, some studies combine various forms of R&D cooperation and mix

R&D cooperation with cooperation that is not related to R&D. This book is

limited to joint projects, which excludes on the one hand joint ventures and on the

other hand simple contracting out.
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INSEAD Business School started, in the mid 1970’s, to collect data on interna-

tional cooperation agreements described in the Economist and the Financial Times

(Herbert and Morris 1988). This data is not limited to R&D but also includes other

types of agreements. According to this data the number of agreements increase

every year between 1979 and 1985, especially since 1983. Most of the agreements

are within the European Community (EC), followed by EC-US cooperation. The

sectors that are most cited are the car industry and aerospace.

Another database was set up at TNO and since 1986 at MERIT at the University

of Limburg (Hagedoorn and Schakenraad 1991). As in the previous case alliances,

exclusively between firms, where traced in the literature but in a large number of

(trade) journals. This data shows an increase in the number of new alliances

between 1980 and 1989. Most of the cases are in the US, followed by US-EC

links. The largest sector is information technology, followed by biotechnology.

There are also commercial databases that have been used such as BIOSCAN

published by ORYX Press for biotechnology and Dataquest, for information

technology. These databases list R&D cooperation but also marketing and

licensing agreements. Based on this information Kogut, Shan, and Walker (1992)

find that there is an increase in new relationships between firms between 1984 and

1988. Large firms have a lower propensity to cooperate than small firms. If the

links are partitioned into three blocks, the USA, Japan, and Europe, it appears that

the majority of the links include the USA and that only the USA have an ‘internal

system’, i.e. they have more internal than external links. In biotechnology the

major international link is between the USA and Europe, and in information

technology between the USA and Japan. The link between Japan and Europe is

relatively weak in both fields.

The studies that I have discussed so far are limited to firm-firm interaction, the

next two studies, one about the USA and one about Japan, are about the

interaction between firms and research institutions.
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Batelle performed a study on the industrial uses of the public technology

infrastructure for R&D in the USA (Batelle, April 1994). They found that the size

of the involvement of American industry in external research was relatively

modest: more than 90% of all industrial R&D is performed entirely within the

sponsoring company. When firms do look for outside knowledge supply they first

turn to universities. Firms perceive numerous obstacles and questionable value in

obtaining technology from Federal laboratories and quasi-public research institu-

tions and consortia.

In a study by Japan Insite B.V. the relationship between firms and the knowledge

infrastructure in Japan has been reviewed (Japan Insite B.V, March 1994). The

authors of the report emphasize the difference between Japan on the one hand and

the USA and Europe on the other hand. I already mentioned the different size and

structure of the R&D system in the previous section. The Japan Insite report finds

a relatively modest degree of contracting out research to the public knowledge

infrastructure. It is argued that this can be explained by the facts that more than

60% of R&D expenditure is devoted to product development and that Japanese

firms see product development as the most important strategic competitive

weapon. However, the most important difference between Japan and the other

blocks is the mechanism of interaction between firms and public knowledge infra-

structure. There seems to be no central point from which joint projects are

managed. The actors say that themes, conditions etc "evolve spontaneously in the

framework of the numerous formal and informal ties between the two parties"

(p.II). Seen from this perspective there appears to be quite a large amount of R&D

interaction. In spite of the hierarchic nature of Japanese society, both government

and industry have created mechanisms to coordinate their R&D interests. Where

US firms first turn to universities for their external knowledge, Japanese firms

have more links with private R&D institutes, then universities and then govern-

ment laboratories.

To conclude this overview of empirical studies I will discuss a European study

that devotes an equal attention to firms and research institutions. Ideally, this is the
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kind of data that we would like have about the USA and Japan.

The data was collected in the European Community Innovation Survey. Firms

where asked which kind of R&D cooperation they had in 1988 and 1992. Results

have not yet been published at the EU level but Kleinknecht and Reijnen (1991)

and Brouwer and Kleinknecht (1994) have published about these data concerning

the Netherlands. There is an increase in R&D cooperation because in 1988 36%

and in 1992 47% of the firms reported some form of R&D cooperation with other

firms or research institutions. I will use the 1992 study, which is more detailed

than the 1988 study, to point at some additional findings.

The most frequently cited type of R&D partner is a customer (cited by 20% of the

firms), then a supplier and higher education organisation (17%), followed by

consultancy firms (15%) and research institutes (13%). Competitors are cited by

9% of the firms as an R&D partner. Unfortunately, the intensity of R&D

cooperation (for example the number of projects) can not be determined from

these data

Brouwer and Kleinknecht used a logit analysis to determine which factors affect

R&D cooperation. They obtained the following results:

- R&D intensity has a positive effect on international R&D cooperation but no

effect on national R&D cooperation.

- Firms that are active in sectors with a high average R&D intensity have a higher

chance of engaging in R&D cooperation.

- Large firms have more frequently R&D cooperation than small firms.

- Firms that are active in medical technology, biotechnology, and environmental

technology have a relatively high chance of having R&D cooperation.

Although we do not have a complete picture of the R&D network the combination

of various empirical studies enable us to characterize the extent and nature of

R&D cooperation. First of all it has become clear that, although the majority of
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all R&D is performed inside firms, cooperation with other firms and with research

institutions is important. This is especially the case in the new technologies such

as biotechnology and information technology. It is also clear that R&D cooper-

ation is an international phenomenon in the sense that the links between

organisations cross national boundaries. Between regions there may exist

differences in the tendency to cooperate due to the type of research (distance to

the market) and the reputation of the various actors in the knowledge system.

Wether specific types of firms (small or large for instance) have a higher

propensity to cooperate remains unresolved. From a network point of view we will

have to see how the various types of organizations interact.

Research problem

At the beginning of this chapter I emphasized the importance of technological

innovation in modern society. Then, I showed that inter-organisational cooperation

is an important element of innovation. Cooperation leads to the formation of

networks of organizations. These networks have become the focus of R&D policy

and therefore the research problem is:

the analysis of subsidized R&D cooperation in terms of networks.

This theme will be further elaborated in the next section, where I develop a theo-

retical framework and where I propose research questions.

THEORETICAL CONSIDERATIONS

Linear and interactive models of innovation

The traditional model for studying innovation is a linear relation between science,
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technology and innovation (Kline and Rosenberg 1986). Scientific discoveries lead

to technological development and commercial applications. A number of stages

can be identified which proceed sequentially:

FUNDAMENTAL SCIENCE ===> APPLICATION ORIENTED SCIENCE ===>
TECHNOLOGY ===> APPLIED TECHNOLOGY ===> COMBINATION OF TECH-
NOLOGIES ===> UPSCALING ===> INNOVATION

In this model it is commonly assumed that universities specialize in science and

that firms specialize in innovation. Research institutes are somewhere in between

science and innovation: they specialize in the area of technology.

It was this idea of the linear model and the distribution of labour between

university and industry that guided both academic research and science and

technology policy for many years. Technology policy, for instance, would promote

the establishment of ‘liaison’ organizations that facilitate the knowledge transfer

from universities to firms. Science policy would subsidize university research that

has promising commercial applications.

Already in the 1970’s academics began to criticise the linear model (Rothwell

1992). The critique can be summarized along two main arguments: the linearity

and the division of labour.

Not all innovation results from technology and not all technology results from

science. It is estimated that approximately 50% of the total innovation expendi-

tures relate to R&D costs. The other costs include design, trial production,

training, and market analysis (Community Innovation Survey). It has also been

argued that the introduction of inventions in the market does not depend on

technical capabilities but on user-needs. Furthermore, the relationship between

science and technology is complex. In addition to scientific discoveries that are

applied in technologies there are also scientific developments that depend on

instruments. Science, technology and innovation have their own dynamics: science

evolves from previous science, technology evolves from previous technology, and
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innovations evolve from previous innovations. To summarize: the linear model of

innovation has to be complemented with loops and feedbacks.

Alternative models have been suggested by Kline and Rosenberg (1986) and

Leonard-Barton (1988). Kline and Rosenberg present a "chain-linked model" for

the relationship between research, invention, innovation, and production. In this

model there are small and large feedback loops. Small loops iterate within one part

of the chain and large loops feedback to preceding parts.

A similar point has been made by Leonard-Barton. She speaks of recursive cycles.

Small cycles are minor adaptations and involves a step back from production

prototype to pilot production prototype or laboratory prototype. Large cycles are

major adaptations and involves further steps back to the stages of idea generation

and problem solving.

SCIENCE <===> TECHNOLOGY <===> INNOVATION

Where Kline and Rosenberg emphasise technology adaptation cycles, Leonard-

Barton applies the cycles not only to technology but also to organizational

adaptation, and more specifically levels of performance criteria and delivery

systems. Innovation is not a purely technologial thing, it also involves organiz-

ational change.

The second critique of the linear model concerns its rigid view on the division of

labour between universities, research institutes, and firms. Most of the research

expenditures are concentrated in the laboratories of large firms. These are able to

set up large scale long term research programmes that are similar to academic

research. On the other hand there are small firms that are active in areas in which

the distinction between science and technology is disappearing (a scientific result

can be immediately commercialized and an innovation has scientific impact). This

means that science is not only produced in universities but also in firms.
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SCIENCE <===> TECHNOLOGY <===> INNOVATION

The policy domain has been reluctant to reject the linear model of innovation.

Policy initiatives are guided by the idea that science and technology are sequential

and separate domains. Only recently, the European Commission has adopted a

non-linear perspective on innovation. The Green Paper on Innovation (Draft,

December 1995) says:

The innovation process refers to the manner in which the innovation is designed
and produced at the different stages leading up to it (creativity, marketing, research
and development, design, production and distribution) and to their breakdown. This
is not a linear process, with clearly-delimited sequences and automatic follow-on,
but rather a system of interactions, of comings and goings between different
players whose experience, knowledge and know-how are mutually reinforcing and
cumulative (p.4).

This is the perspective that will be used in this book and that will be developed

theoretically in the next section.

The knowledge system

Innovation is the outcome of the activities of different actors, such as firms and

universities, and the links between these actors. Since there are interactions

between different types of actors the various functions of knowledge, such as

knowledge production and knowledge utilization, are interdependent. Therefore,

I introduce the concept of knowledge system. Holzner et al. (1987) give the

following definition of this concept:

The social system of knowledge is the complex of institutions, organizations,
occupations, and their norms, social roles, and resources that constitute the social
arrangements within which knowledge-related activities are conducted (p.182-183).

13



In this system the authors distinguish six different functions: knowledge

production, knowledge storage, knowledge distribution, knowledge utilization, and

knowledge mandating. They use the knowledge system to address the questions:

what knowledge is produced? How is it transferred? What is the effect? How are

these questions related to each other?

How does the knowledge system perspective helps us to understand subsidized

cooperative research? Three functions of the knowledge system are especially

relevant in this respect: production, utilization, and mandating. I study the link

between production and utilization of knowledge in firms and research institutions

in the framework of public policy that tries to stimulate (mandate) production and

utilization. Research cooperation, then, means linking. It increases the interaction

between knowledge producers and it increases the interaction between knowledge

users. This is one type of effect of research cooperation. But there is also a more

fundamental effect. Since the actors that produce knowledge and those who use

knowledge are either the same, or linked in one project, the functions of

knowledge production and utilization are coupled.

In the next section we shall see how the study of knowledge systems leads to the

notion of knowledge networks.

The knowledge network

If the links between different functions of the knowledge system really exist we

should find network relations between actors that fulfil these functions. These links

are an addition to the links between actors of the same function. The knowledge

network is the operationalized structure of the knowledge system.

This knowledge network perspective has recently been emphasized by the

European Commission:
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More and more importance is attached in practise to mechanisms for interaction
within the firm (collaboration between the different units and participation of
employees inorganisational innovation), as well as tothe networks linking the
firm to its environment (other firms, support services, centres of expertise, research
laboratories, etc.). Relations with the users, taking account of demand expressed,
and anticipating the needs of the market and society are just as important - if not
more so - than mastery of the technology (Ibid.).

The theoretical basis of the network approach is the assumption that social

phenomena can be explained by a combination of two factors: (1) the attributes

of persons and organizations and (2) the ways these persons and organizations are

linked. The strength, the distribution, and the content of the links and the actor

attributes (including their cognitions) are the main sociological parameters.

Society consists of a number of systems and the knowledge system is one of these.

Each system has a certain structure and this structure can be studied in terms of

networks. The questions that arise in such an approach are: what is the position

of actors in the network? What groups can be identified in the network? How does

the network evolve? How is the structure of the network related to the perform-

ance of the network?

The knowledge system is a special kind of social system because it comprises

parts of other social systems. In this book, with its focus on technological

innovation, these systems are the economy and (strategic) science. An analysis that

is purely a system analysis will miss the interpenetration and evolution of these

systems. An example of this approach is Luhmann’s analysis of the economy

(Luhmann 1988) and science (Luhmann 1990). In contrast, network analysis will

focus directly on the structure of the knowledge system. The nature of the

interpenetration of the systems will be the result of such an analysis.

On page two I indicated that only a specific type of R&D cooperation will be

dealt with in the next chapters. The theoretical approach that I put forward has a

more general domain. Therefore, the empirical work that is reported here should

be seen as a first step towards a more extended approach. This extended approach
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should also include R&D cooperation that is not a part of international subsidized

programmes. The studies that I discussed on pages four to seven are examples of

the limited number of studies that deal with non-subsidized R&D cooperation. A

general study on knowledge networks would include both subsidized and non-

subsidized research. This remains a theme for further research that has attracted

limited attention until now1.

In the next chapters various concepts from social network analysis are used.

Networks consist of actors and links between actors. The type of actors and links

will be introduced briefly.

Actors in the network

The actors in the networks are organizations that are directly involved in

knowledge production or utilizations and that participate in cooperative R&D

programmes. Above, the term research institutions was used. This comprises

universities and research institutes. Research institutes can be further subdivided

in scientific institutes and technical institutes. On the industrial side we have

different types of firms: from small technology firms to large diversified firms

with large centralized R&D facilities.

The studies that follow are not restricted to the level of organizations. In four of

the nine chapters countries are also treated as actors. The international dimension

is a prerequisite in all of the EUREKA and EC projects. ‘Cohesion’ is an objective

that motivates this rule and network analysis is a way of studying the international

structure. Therefore I study the type of projects per country and the number of

joint-projects between countries.

Links in the network

1 See: Hagedoorn and Schakenraad (1993) and Korevaar and Tijssen (1996).
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I define a link as a co-occurrence of two actors. In this book the co-occurrence is

a joint R&D project. The co-occurrence may lead to the exchange of knowledge.

There is a large variety in the types of knowledge and in the ways knowledge is

exchanged. The type of knowledge can be the results of an experiment, a method

for analyzing things, living material, prototypes etc.. The exchange can occur

directly or by communication or by the exchange of people.

There are various reasons for the creation of these links. Since the focus is on co-

occurrence related to different knowledge functions the emphasis is on the links

between firms and research institutions, and not the links between firms and the

links between research institutions.

So far I have applied the concept of link to two actors. This situation will evolve

into a network when a project includes more than two actors or when an actor

participates in more than one project. In this book, both projects and programmes

(as sets of projects) will be analyzed in terms of networks.

Research questions

Each chapter has its own research question but the following general research

questions can be put forward, based on the research problem and the general

theoretical discussion.

- Why and how are the cooperative links created for a subsidized R&D project?

The emergence of R&D projects is discussed in chapter 4. It is based on

longitudinal studies of two EUREKA projects and takes into account the

complexity of both the content and the organization of the projects, combined with

the mobilization of actors.

The various reasons for R&D cooperation and the various forms of R&D
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cooperation are discussed in the introduction of chapter 5. Chapter 8 contains an

empirical analysis, based on interviews, of the involvement of firms in BIOTECH

projects.

- How can the social structure and the content of networks be measured?

The social structure refers to the configuration of actors and links between actors.

In chapter 5, the EUREKA database is used to classify projects into three groups:

projects with only firms, projects with only research institutes, and projects with

firms and research institutes. The last group is further divided into projects that are

coordinated by firms and projects that are coordinated by research institutes.

Content analysis of the project descriptions provide information on the intended

strategy of firms, and the exploitation plans. The same type of data is used in

chapter 3 in order to determine the nationality of project coordinators. Interviews

provide additional information on the interactions in a project and can be found

in chapters 4 and 8.

The social structure is not only a characteristic of projects but also of programmes

(defined as sets of projects in a certain area). Here, the EUREKA and EC

databases provide information on the co-occurrence of actors. For the study of the

networks that can be constructed from these co-occurrences I use concepts from

social network analysis, such as centrality and cliques. Centrality indices are used

in chapter 7 and 8, and cluster analysis is used to measure cliques in chapter 7.

The level of analysis is that of countries (chapter 3) and organizations (chapter 6).

Chapter 3 elaborates on the method of visualization of networks in two-dimension-

al maps.

The content of the networks are captured in various ways. Again, the data is

obtained from databases and interviews. Interviews are used chapters 4 and 8. In

chapter 5, content analysis of project descriptions is used to determine the

characteristics of the innovation, such as product/process, problem/technology

motivated. The duration of projects is used as a proxy for the distance to the
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market. Another way of capturing the content of the networks is to use the

keywords that actors use to describe their activity in terms of subjects and market

applications. The patterns of keywords are analyzed in chapters 6, 7, and 8. The

level of analysis is the organization or the country, in a project or a programme.

The actors use several keywords to describe the content, therefore it makes sense

to look at the co-occurrence structure of the keywords. The networks that are

formed by keywords are analyzed in the same way as the social networks (see

chapter 7).

- What are the characteristics of the social structure and the content of networks

and what is the relation between the two?

In chapter 5 hypotheses are tested about the relationship between the type of

project (in terms of presence and the role of research institutes) and the nature of

the innovation. In chapter 6, the difference between the activity of countries (at the

programme level) and differences between firms and research institutions (at both

the project and programme level) is tested. In chapter 7, there is a separate

analysis of the social and content side in two time periods. The following

questions are addressed: What are the central organizations? What are the groups

of organizations? What are the central themes? What are the groups of themes?

What is the difference between the two time periods? Then, these two dimensions

are combined: do separate groups of organizations have different themes? Does the

social structure in one period determine the content of the next period? Chapter

8 contains hypotheses about the industrial participation in projects and about the

nature of knowledge transfer between firms, universities, and research institutes.

Chapter 3 looks at the difference between the activity of countries and the

positions of countries in networks. Hypotheses are tested about the effect of size,

distance, and culture on the social structure at the level of countries. It is intended

to explain why some countries cooperate more than others.

- What is the specific contribution of programmes such as the EC programmes and
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EUREKA?

This question is answered in terms of the social and content (or cognitive)

structures that follow from the previous questions. The co-occurrence of different

types of actors will indicate a coupling of different functions in the knowledge

system. The co-occurrence is a condition for knowledge transfer and the subsidy

initiatives can contribute to that condition (chapter 8 enquirers wether the co-

occurrence actually leads to knowledge transfer). The co-occurrence of countries

can improve the general cohesion of the knowledge system. The nature of the co-

occurrence is indicated by its cognitive structure and characterizes the subsidy

initiatives. These initiatives can be evaluated in terms of the relation between the

cognitive structure and the social structure that they produce. This is not an

evaluation in the traditional sense, where one would compare the ultimate

outcomes with general objectives. This type of evaluation is discussed in the next

section in order to obtain a general understanding of EUREKA and the EC

programmes. My approach is more focused on the internal structure of the

knowledge system than on the relationship between the knowledge system and

society. To summarize, the contribution of the EC programmes and EUREKA are

assessed by their social structure, cognitive structure and relation between social

and cognitive structure.

RESULTS

To answer the research questions, three methods are used in this book: qualitative

comparative case studies, surveys, and database records. Although each chapter has

it own set of results, I put forward the following general answers to the research

questions.

- Why and how are the cooperative links created for a subsidized R&D project?

A main reason for the creation of these links is the access to the research of
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others. The type of research in subsidized projects is relatively far from

commercial applications. However, the actors can become involved in commercial

applications and therefore participation in a subsidized project is a way of finding

and testing partners for a private project. These reasons apply to all types of

organizations. The financial reason, i.e. additional funding for R&D, applies more

to universities, research centres, and small firms, than to large firms.

The general mechanism for finding project partners is relatively straightforward:

cooperation is based on previous cooperation, either in the field of R&D or in

other fields. There are also indirect links in this way: partners introduce partners

to other partners. The additional mechanism that plays a role in subsidized

research is that funding agencies act as brokers between potential partners.

Once a project is started its early life will depend on the continuous commitment

of the partners. Furthermore, the project should not be too complex. If the

organizational complexity does not match the technical complexity, or if these

complexities are too high, the project becomes unmanageable. However,

complexity is not a given and it can be managed (see the recommendations).

- How can the social structure and the content of networks be measured?

With respect to the collection of data I find that the information contained in the

public databases of the research programmes and additional information contained

in extended project reports provide a rich source for the study of networks. This

information can be used to measure the social and content variables at various

levels of analysis: project and programme, organization and country. Although I

think that the value of this information is underestimated and underexploited, it is

dangerous to limit oneself to these sources. Interviews and surveys provide

additional information to check the database (does a link really exist?) and to

describe the process of cooperation (how does it start and what is the effect?). It

is also a way of finding out about negative experiences of the actors. Furthermore,

one will depend on experts in a technical field to validate the results that are
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obtained by the social scientist.

Once this sort of data is collected, multidimensional scaling and correspondence

analysis can be used to visualise the networks in such a way that social and

cognitive dimensions can be uncovered. Furthermore, I show that network indices

such as centrality and clusters can be applied to both the social and the content

variables. More importantly, the indices can be used to relate the social to the

content.

- What are the characteristics of the social structure and the content of networks

and what is the relation between the two?

I do not want to repeat the specific conclusions of each chapter. Instead, I want

to draw attention to some general patterns in relation to the knowledge network

approach.

The social structure of the networks show a familiar pattern in network studies:

a centre of highly active actors surrounded by a periphery of loosely connected

and less active actors. At the same time, this centre contains relatively large actors.

At the level of countries a small group of large European countries form the centre

of the networks. The same countries appear in the centre of each network. At the

level of organisations we see large firms and large research centres that form the

centres of networks. At this level, the social network is not stable: from one

technology to another, and from one time period to another, different organisations

occupy the centre. Surprisingly, this social structure and social change has little

effect on the technical content of the network.

Wether a project contains only universities or research institutes, or only firms, or

a mixture: the differences between the projects in terms of the type of research are

small. Within a project, these type of actors perform similar research. When we

group the activities by type of actor across all projects in a programme, we find

small differences again.
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The transfer of knowledge in R&D projects does not only flow from universities

or research institutes to firms. There is an active exchange of knowledge between

them because they have similar or additional expertise.

These results show a knowledge network that confirms the interactive model of

innovation and a knowledge system in which the various functions are integrated.

This does not mean that all organizations and countries are the same, with respect

to R&D. They are not. For instance, some firms are more central than others, they

may or may not belong to the same cluster, and they can specialize in different

technologies and markets.

- What is the specific contribution of programmes such as the EC programmes and

EUREKA?

The answer to this question can be found in the answers to the previous questions.

The EC and EUREKA act as brokers and they stimulate the integration of the

knowledge system. Apparently, at least in the new technologies such as biotechno-

logy and information technology, the traditional division of labour between

different sectors of the knowledge system no longer applies.

RECOMMENDATIONS

Firms, research institutes and universities

I suggest recommendations for strategic management and project management.

Strategic management is important because it deals with the survival of

organisations. It is related to the total portfolio of projects and partners, and to the

relation between this portfolio and the general strategy of an organisation.

Strategic management also looks at the relative position with respect to partners

or other organisations in the same area. Given the strategy, project management
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is important because it guides the operation of one project.

Strategic management

The decision to do any research project has to be related to the technology strategy

of the university or firm that is in turn related to the general strategy of the

organisation. The environment of organisations is the context of this general

strategy. There can be all kinds of different links with organisations in the

environment. Network analysis should be used to map this general environment

and to map the R&D links that are a part of the total network. For both private or

subsidized joint projects I advice to map the complete network of partners. Some

partners will be involved in more than one project, therefore there may be

interdependencies between projects that remain obscure when project management

is not enriched with strategic management. But the focal organisation should have

a still wider view: by mapping the complete network in its field it can compare

its own position to that of others in the network. Partners are not only valuable

because of their knowledge but also because of the links they have to others.

Alternatively, some partners could become a threat when they are linked to

competitors. The mapping is also a way to find out wether some links are

redundant (i.e. they do not ad information to the network) or that some areas are

not well covered. The mapping of the network should not only include the number

of links, but also the content of these links, as shown in this book. This is a

difficult task for the private links because some of them will be secret, but it can

be done for the subsidized links.

Project management

Each organisation, wether it is a firm, research institute or university department,

should consider the start and the development of a cooperative R&D project.

There are numerous standard textbooks about project management. Unfortunately,

they mostly deal with projects within one organisation. Nevertheless, a number of

standard procedures can still be applied, such as the drawing of a work plan with
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work packages and milestones.

The difference between an internal and an external project is that the latter is more

difficult to control: it is more complex. There is no hierarchy and there might be

important differences between the organisations with respect to skills and culture.

For example, the standard procedures that I mentioned above are more common

in firms than in universities. At the start of a project proposal, an organisation can

take the initiative for a project, or can be asked to join one. One will start to think

about the work to be done and which partner to choose. This choice is, of course,

determined by the activities and preferences of other partners and it also depends

on the fact wether one is the coordinator or not. The point I want to make is that

an optimum has to be found between having a partner that one knows well and

with whom one gets along well, and a partner that has a high reputation. For

instance, it might be reasonable to work with a partner that is second best because

one cannot get along with the best. But this is something that has to be reconside-

red with each new project because the relationship might change and new partners

might enter the field. Another optimum to be considered in the case of subsidized

projects is the difference between what one wishes and can do and the require-

ments of the funding agency. A specific problem of the management ofsubsidized

projects is the fact that there exists a standard project structure that does not

necessarily conform to the nature of the work. As I noted above, if a project is too

complex, or if there is a mismatch between organisational and task complexity, the

project becomes unmanageable. A general recommendation for the reduction of

complexity is to split up the project. This can be done on both the organizational

and task dimensions: take the problems one at a time and divide the partners

among more projects.

In line with the argument about the complexity of projects I suggest that each

partner checks the organizational complexity and the task complexity of the

project. The continuous mobilization of actors is mainly the responsibility of the

coordinator. The management capabilities of the coordinator should be compatible

with the complexity of the project.
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Technology policy

Recommendations for technology policy will also be made at two levels: the level

of programmes and the level of projects within programmes.

Programmes

From the nature of the knowledge system it follows that R&D policy should be

directed at the knowledge network and not to specific type of actors. This means

that both the participation of firmsand the commercialization of university

research should be stimulated.

In Europe, countries use a combination of national and international programmes

to stimulate R&D cooperation. The main international programmes are EUREKA,

where most of the control is still national, and the Framework programme of the

EC, where most of the control is handed over to the European Commission in

Brussels. My main policy advice is that countries should assess these programmes

in terms of networks because the programmes are aimed at networks. Countries

should not only evaluate how well they are doing in terms of number of projects

and subsidies, but also in terms of their network position, vis a vis other countries.

A related point has to do with the relationship between the networks. I have seen

that the most active organisations participate in national and all kinds of

international cooperation schemes. Regretfully, policy makers lack insight in the

overlap between these networks. This is not surprising, since the administration of

each scheme is in the hands of separate units. These units are only interested in

their own programme and do not care wether there is any overlap with similar pro-

grammes. Therefore, I recommend studies that monitor the overlap between

networks. Results of such studies will reveal how national and international R&D

networks connect and how European networks are formed. This information is of

direct relevance for future policy initiatives.

From the chapter about EUREKA and the EC programmes it follows that the
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ultimate effect of these initiatives are difficult to assess. The growth of the budget

for Community R&D seems to have gained a life of its own. Especially in the area

of information technology, that accounts for the largest part of the budget, the

policy objectives have not been reached. The objectives were, and still are, to

increase the competitiveness of the European information technology industry.

However, the market position of the European firms in this industry has

deteriorated since the launch of the EC programmes. One might justify the funding

of these programmes on the basis of intra-European development aid to the less-

favoured countries. But then, most of the money flows back to the rich countries

and there are other ways to attain the developmental goal (such as the structural

funds and exchange programmes). In my view, it is more efficient to retain the

R&D funds at the national level and to focus on the coordination of national R&D

policies within Europe. In that case EUREKA, that depends on national funding,

is the more efficient mechanism. Exceptions are the large-scale organisations such

as CERN and ESA: they cannot be financed by one country alone. Another useful

mechanism for European funding are the current task-forces (e.g. ‘the car of

tomorrow’, ‘environment-friendly water’, ‘vaccines and viral diseases’). These can

be dismantled before they become institutionalized.

Projects

Given the existence of EC programmes and EUREKA several recommendations

can be given at the level of projects within these initiatives. A common

characteristic is their requirement of international cooperation within Europe. This

is a rigid rule that should be abandoned. European cooperation should only be

promoted when it is efficient, namely when additional expertise is spread among

different countries and when a scale advantage can be obtained. Suppose that a

certain region has a technological advantage, the competitiveness of Europe could

be improved by subsidizing organisations in that region without demanding

cooperation outside that region.

Another recommendation for the improvement of projects has to do with the past-

27



performance of the projects. Many participants in EC and EUREKA programmes

obtain follow-up projects. The fact that a subsidy is awarded once has a positive

impact on the next selection round. However, it is not assessed how well that

project is performed. Or, when there is an evaluation, this has no effect on future

projects. I recommend that there should be such an effect. One might adapt the

rule that a new subsidy will only be granted when the results of the previous

subsidy is positive. This rule should be applied to project-coordinators in

particular, since their role is decisive for the performance of the project. Finally,

and this applies in particular to EC projects, the administration should not impose

additional partnerships to the ones that are suggested by the partners themselves.

If that happens, there will never be a truly integrated project.
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